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Transformer for High Frequency Switch Mode DC-DC converter 
Applications - Part 1 
K.1, Arshak and B. Almukhtar 
Abstract - In this work a step by step planar transformer design 
proccdare for Flybock switch-mode DC-DC converter application 
is presented. This transforiuer has a maxiinum dimention oE 
kmx2cin x0.4cm airnii~g to ;ichieve an cfticiency of 99% at at1 
operating frequency of 50013Lz. ?'his planar trmisformer is 
dcsigned specially for thick film technology developinent. 
I. NH<ODUCTION 
Thc age of microelectronics has involved 
continuous miniaturisation and increased complexity in the 
design and developmcnt of compact hybrid circuits. In each 
decade of hybrid electronic development, thcre hus been a 
phcnomennl growh in the amount of clectronic componcnts 
that can be assembled into one circuit board unit However, 
the presencc of  power supplies is essentiat to provide the 
adequate voltages for various electronic circuits. Since, 
these power suppIies rely OIL conventional transformers with 
large cores and wire windings. Hence, they have become 
the domillant unit that influencc further miniaturisation 
fiom a volumc aspcct. One such structure that can reduce 
the size and the weight of the magnetic components is the 
planar configuration [l].  This planar structure has a good 
theimal management as it ensures s large surface aren for 
leal radintion. In addition, this configuration cnables the 
fabrication of unit to unit repeatability, a high power densily 
capability, a higher fkquency of operation and a high 
efficiency [I]. The low number of rcquuired components 
makes flyback converter one of the most coinmon DC-DC 
converters in the world of low power and high voltage 
switch mode power supplies (SMPS) [Z]. The method of 
flyback converter operation is tu store the energy diving the 
switch ON time duration and transfers it during the switch 
OFF timc duration. The flyback converter operating in a 
Discontinuous-Conduction Mode means that all the cnergy 
(neglecting losses) stored in the input inductor during the 
ON time period of .the main switch, is transferred to the 
output capacitor and the h a d  circuit during the OFF switch 
time period, Thc flyback converter operating in the 
discontinuous operalion mode has the advantage of lower 
inductance requirement making the transfornier smaller, 
easicr to design and more suitable for implementing thick 
film technology, Hence, the flyback convertel' operating in 
thc discontinuous made is ai? integral part in develaping the 
planar transformer. 
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There has been various iterative inethods reported on planar 
traiisforiner design [3]. Ilowever, these methods rely on off 
the shelf conventional cores, which are not applicablc for 
planar transformers developed fully by thick film 
technolugy. 'l'he aim of this work is to present a step by step 
planar magnctic desigil proccdure applied specially lor thick 
film technology develapment. 
11. TI-E w r A L  DESIGN PROCEDURE OF A 
DISCON'I'rNUOUS CONDUCTION MODE FLYBACK 
Tht design o f a  planar iraiisforincr for DC-DC swilch mode 
flyback converter with specific input voltage range, outprii 
power, apcrfiting rrequency and cfriciency requiremciits can 
bc achicvcd by using the step by step procedure HS follows: 
In the flyback cowcrter, regulation is 
accomplished by varying the duly cyclc OF the switch 
through predctcrmincd limits, which are designated as 
D,,i, and Tlic duty cycle is defined as ( D  = I, / (r< 
= ion + tqg)), where I,, = W ,  , i s  the ON switch duratioii 
time, io j+  = (D'=I4)TS  is the OPT: switch duration tiiiic 
and ls is thc total switching duration time. IT the convertel 
input voltage varies froin the minimum dc input voltage 
(Vin,,nin) and thc maximuin dc input v ~ h g e  (Vi,,max), the 
minimum duty cycfe can be ns: 
DC-DC CONVERTER 
where, the canstant K val~rc is: 
(2) 
K -. YM .Iller 
v,,, ,min 
From E'arahy's relation, the fimdamental inductor 
voltagc, thc primary winding inductance ( L p )  may be givcn 
13) 
as: 
Where, Vw,p is the voltage across the transformer primary 
winding tcminals, fs is the switching iiequency, I,, is 
thc maximum primary current given as: 
Where, Pin,lnm is  the maximum input power given as: 
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Where, q is the estimated planar mansforiner cfficicncy, causcd by the jncreasc in both the proximity and the skill 
Pop,, is the convcrter maximum output power find ?and &Cc with increasing frequency operation. Hcncc, it is of 
yo are thc fonvard the rectifier diode interest to change il to 2.5 resuIting in an optinium ratio 
between the core and winding loss ofO,8. 
The total trnnsfomer power loss can be expressed as :i and the converter output voltage respectivcly, The design of a .flyback h”€omer to store energy, will function of the allowable core temperature rise BT as: result in the usc o f  a distributed or Iumped air gap to 
hop 
(12) 
A 1’ improve the energy storage capability of the input primaiy PAm = - 
4 h  r31’  The Iengrh Of this air  gab ‘g3 added lo the Where AT is the maximum core temperature T,  minus 
,magnetic circuit can be calculated as: ambient temperature T,, and l+h is the thermal rLsi a 1 stance in 
LI, P c For a general core shape, the relation between the thcrmd 
is he lninilllum surfrtce area of the core resistance and the core effective volume can be expressed as 
megnctic path cross-section, Np is the prjmary winding 
nuniber of turns, 8, is the corc aITcctive magtietic Iciigth and 
e : :  P 0 A C P 3 @  h5 - “c- (6) , Kelvidwatts. 
[3 j: w b e ,  A cp, ef 
(13) 
Cl13 R,,, = - (Y. , -, 
pc and i.s the core permeability and the pemieability of 
fiee space, respectively. The secondary winding inductance Where V, is the effcctive core volume in m3 a id  = 
(I,,) nky be exprcsscdis: 35.1 x10-3 is a constant. Hence, by substituting cquation (131 
into cquation (12), thc total transformer po&r ioss CSII; be 
(7) expresscd as: 
i.llur J s  
Where, is the maxinium secondmy winding current, 
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(25) ( M . L . T ) K , W , p ,  Ffl J r m  = 
U = 2sin [g/(Zr,, )I 11 8) 
The variable g is the slot opening distance and roc is the core , 
3 'win,, 
(30) i V J ! " V . i  (73) I,,,,,, = I' R,,, -. P ,  - F,L# A,,' 
wherc, Ac,s: The primary and secondary conductor Thc power ddivercd by the transfoclncr is exprcssed in 
cross-section nreeas respcctively. pwameters defined by the carc material and applications. 
secondary winding terminals (V>,,,) expressed from eyuntiori 
resistivity wih temperature defined as: (8) and the maximum oulpia curreiit lo,,, exprcsscd fioili 
[ ~ . . , p '  .tluv,s : The length Per turn Of Primary and equation (30). 'l'herefore flic Inlation betv,{een t]lc 
thc secondary windings respectively. i i ' ~ , ~  F R , ~ :  'I'he transformer throughput power md the core effectivc volumc 
priinary and secondary resi stancc factors respectively. can be found by substituting equations (14) and (27)  into the 
From equations (21), (22) and (23) and by assuming the 
Pr : The ~ ~ ~ t i ~ ~ ~ i  increase of the conductoy This power can be derived by multipIyhg the across the 
ofmultiPh'ing ima vw.s as: 
pritnaiy and secondary windings have the same window area th =
and the same mean length turn. The total power in the 
winding, P,pid, c u i  be represented as [4]: The transformer efiicicncy (q) may be exprcssed as: 
1 
(32) 
C h  .- q I - 
(24) PN, + P,,, 1 f PhJ /r, ,:,,, 1 4 w v n  PI 
Hence, substituting equation ( I  4) and (3 I )  inio ' equation 
(32), the w a n s h "  efficiency $an be determined as: 
Where, M.L.T.: Is the memi length turn and FR is the 
winding resistance factor. The current density (Jrms) can be 
found as: 
In order 10 dcterminc and study the effect of the core 
geotnetricai ditnensions thc followjnn calculations Inust bc 
considered in relation to figure (1): 
- 
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( I )  To maintain a constant flux density across the cross 
sectional area of the core material , w e  have: 
='I. 
' 2  
(34) 
where, r, is the core half tophottom thickness. 
(2) By assuming that the primary and tbc secondnry 
windings have the same window sea, the primay or the 
secondary windirig width can be expressed as: 
wind, = K ( r " c  - q c )  (35) 
and the primary or the secondary winding height can be 
exprcsred as: 
(34)  = Ky w, 
(3) The winding inlier radius viw can be found as: 
(37) r,, - r,, - w i n d ,  
2 r,," = p;, + 
(4) The winding outer radius row can be found as: 
(5) 'I'he winding mean length turn M,L.T can be Eound as: 
(6)  The window area W, can be found as: 
(7) The total core tieight 11, can be found as: 
(X) The core volume V, can be found as: 
r,,, = plw + wind, (38) 
A4. L .  1' = 7r (ro,, 4- r,,, ) (39) 
w, = El.". - V,')Wh (40) 
h, = q, +2fC (41) 
(42) v, = nro h, 2 
While, thc power density PD in W/in3 is given as: 
PI3 = %(2,54)j (43) 
SA = 2nr,(r0 +Ac) (44) 
vc 
(9) The core surface mea SA can be found as: 
Where ro is the transformcr outer radius. 
(I 0) The planar timsfornier foot print area Trans,,,, can be 
found as: 
Thc design procedure mentioned in section (II), is used in 
designing a 2cmx2cmx0.4cm, 25Watts flyback planar 
transformer with maximum input voltage of 
7 5 V ~ c ,  minimum itlput voltage of y[fl,minc32VDC, output 
voltage of Yo = 5Vuc, output current of I ,  = 5A, tnaxirnurn 
output power r a n g  o f  Po) = 2SW, operating frequency 
$s = 500kHz and the minimum transfornier efficiency 
fequired is t i  =99%. 
30%, 
Dinnx 49% Is,max =12.25A, fo&min=l.Oyis, Lp=8.22pH, h5 
= 1.0 Np = 5.0, Ploss=O,9W, Pwin&0,5W, Pcore =0.4W, 
(45) 
2 Tmns,, = x ro 
The resulting design parameters are: Dmiu 
R~,+$KPx=o,z~ ~OIUIIS, r0,,o.8cm, slots NO. = 2, 
e73.140, ric= 0,34cm, V, = 0.228 cm3, W, / M L  1' - 
5.31~103, Pth=72 W, rC=0.17cm, viw= O.llcm, riw-rjL - 
O.O7cin, M.L.T=3.58cm, Wh=0.049cm, W~ndh=0.017ciri, 
WF=O.O222cm2, Aw,p=Aw,s-5.5 5x 1 O-3c1n, 
~c ,p=~c ,s=1.11xt  0 - 3 ~ ~ 2 ,  hc=0.39cm, v,- 1.22 c i d 3  
PD=967Wtin3, S,=S.72cm2, Puns nrcn- 3.14cm2, 
?,-Ve/de=l Lcin, Acp,ef==0.21 3cm2, winil,=O 32Scir1, 
,hms- 1?i87#cni2, e g = 2 9 ~ m  creepup disiance=0.07 cm 
and thc cffcctive permeability of b - 1 3  I .  
H 
t+ I I V  
+--F---j ' L,IV 
I < er 
1"  
(b) 
Plg. I. Shows the pot core with the design diiiiensions a) The top 
view b) The cross-scction view, 
111. CONCLUSIONS 
The flit1 design procedure of a planar magnetic applied for a 
25Watts, 5OOkHz Flyhack switch-mode DC-DC converlei 
wa given. This procedure was specially adopted for pIanar 
Iransformer devdoped by ttlick film technology. 
REFERENCES 
[I] Bmwell, P. G., Shippen, A. and Williams, R., High Frcquciicy 
Transformers Ushg 'I'hick Film Teclu~ology, 8th Llirropeart I+hid 
Microciec!r.mics' Uonfirsncu, Rotteerdam, 'The Ne~lierlnotlx, 1991, 
pp. 211-218. 
121 Prim, R., Garcia, O., hsensi, R., Cobos, 3. A., and Uceda, J. .  
Optirnising 'Ilie Perforinancc of Planar Transformers, .Khwth  
Annird ,@piled I'ower Weclriwric ChJererlce ( A P K ) ,  3-7111 
March, San Jose,U,S.A., 1996, Vol. 2 , p p  415-421, 
131 Mulder, A., 011 thc Dcsign o f  Low Profile High Frequency 
Transformen, High Frequency Poiver Converter I'rocccdings, 
[4] Sialling, E. c., Soft Femitcs, New York, Dutterworths, 1988. 
1990,Vol. S,pp, 141-159. 
508 
